he Veterans Health Administration is the largest integrated health care system in the United States. It serves more than 5.5 million veterans, including more than 97 million outpatient visits.
Methods
The current study was a retrospective medical record review of patients who underwent diabetic teleretinal screening in the community-based clinics of the Atlanta VA Medical Center from October 1, 2008 , through March 31, 2009 , and who were referred for an ophthalmic examination in the eye clinic. The data were used to determine the following: (1) the reasons for referral, (2) the agreement between teleretinal reads and face-to-face visits, (3) the resource burden per patient referral for the 2 years after teleretinal imaging, and (4) possible barriers to patient care. Informed consent was not obtained because the project was a retrospective medical record review. All data were collected and stored in a password-protected file on a secure research-only server stored in the VA Medical Center.
Inclusion Criteria
This study received institutional review board approval from the Atlanta VA Medical Center and Emory University and conformed to the requirements of the US Health Insurance Portability and Privacy Act. The Veterans Health Information Systems and Technology Architecture database was used to identify patients who underwent teleretinal imaging from October 1, 2008 1, , through March 31, 2009 , to screen for diabetic retinopathy. For those patients who had ocular findings that resulted in a referral to the eye clinic for an ophthalmic examination, the Computerized Patient Record System (CPRS) was retrospectively reviewed.
Demographics
Patient age, sex, race, and home zip code were recorded. Teleretinal imaging notes were reviewed for the referring diagnoses, which were categorized as nonmacular diabetic retinopathy, diabetic macular edema, nerve-related disease, age-related macular degeneration, lens or media opacity, and other. Patients were included in multiple categories if the imaging notes contained more than one referring diagnosis. The CPRS notes were reviewed for patients who were seen in the eye clinic during the subsequent 2 years. Diagnoses were grouped in the same manner as the reason for referral.
Only visually significant and/or sight-threatening diagnoses were included in the study. For example, dry eye without corneal changes and dermatochalasis were excluded. Cataract was included only in cases in which it was a referral diagnosis or in which the patient subsequently underwent cataract surgery.
Accuracy
Teleretinal screening accuracy was determined by the percentage of agreement and sensitivity. The percentage of agreement of the teleretinal imaging program was calculated by comparing the referral diagnosis to the confirmation diagnosis by disease category. 2 The percentage of agreement was measured as the number of diagnosis pairs that matched divided by the total number of diagnosis pairs. Sensitivity was calculated for each category by dividing the total number of referral diagnoses confirmed by ophthalmic examination by the number of diagnoses detected on ophthalmic examination. Patients were included in multiple categories if appropriate. Not all patients who were referred for an ophthalmic examination kept their clinic appointment. For those patients who were not seen at the Atlanta VA Medical Center during the study period, the CPRS was searched for the presence of VA notes outside the study range or non-VA (community) notes. If such notes were available, the diagnoses (eg, long-standing agerelated macular degeneration) were collected and added to the final diagnosis list. Study images were marked as unreadable if each set was not adequate to determine the presence or absence of disease. Whether an ocular diagnosis was first detected through the teleretinal screening program was recorded on the basis of clinic notes and patient history.
Resource Burden
We recorded the medical center resources that were used during the 2-year period after referral from teleretinal screening. These resources included the total numbers of clinic visits, diagnostic procedures, spectacles ordered, medications prescribed, and surgical procedures.
Eye evaluation and management codes were estimated by allocating the total number of visits in the following manner: the first visit was considered a new comprehensive eye visit, the second visit was considered an intermediate established eye visit, the third visit was considered an established comprehensive visit, and subsequent visits were considered intermediate established visits.
Resource data were converted to present-day VA monetary cost and relative value units (RVUs) using the standard 2012 Medicare reimbursement and conversion tables and physician fee schedule search tool (http://www.cms.gov/apps /physician-fee-schedule/overview.aspx). The mean cost and RVU workload were then calculated for the number of patients seen in the eye clinic and the number of patients who underwent imaging during primary care. Medication and spectacles were not included in the cost calculations.
Barriers to Care
Data were collected from the Veterans Health Information Systems and Technology Architecture database scheduling menu to identify possible reasons that a patient would fail to keep the ophthalmology clinic appointment. The total number of VA outpatient appointments in the 2 years before teleretinal screening and the total number of times the patient failed to keep an appointment during that same period were collected for all patients referred from a teleretinal screening program. The ratio of outpatient visit no-shows to total outpatient ap-pointments was then calculated. The shortest driving distance between each patient's home and the medical center was calculated using an online trip calculator (Google Maps) and recorded in miles.
Teleretinal Imaging Protocol
Teleretinal images were obtained using nonmydriatic retinal cameras operated by trained licensed practical nurses in primary care clinics. Most patients had pupillary dilation with a drop each of phenylephrine hydrochloride, 2.5%, and tropicamide, 1%. The screening protocol consisted of 3 wide-angle views of the retina and 1 external photograph. The first retinal photograph was centered on the disc and macula, the second along the superotemporal arcade, and the third over the nasal retina. Photographs were remotely read by eye care professionals, and a report was generated in the CPRS. Patients with an abnormal finding were referred to the local eye clinic for further treatment. The eye care professionals followed a protocol of referral guidelines based on the preferred practice patterns of the American Academy of Ophthalmology. 3 
Statistical Analysis
Statistical analysis was performed using SPSS statistical software (SPSS Inc). 4 Most of the information was summarized descriptively, although some basic exploratory analyses were undertaken to estimate effect size associations among variables.
Results
From October 1, 2008, through March 31, 2009, a total of 1935 veterans underwent diabetic teleretinal screening in the primary care community-based clinics of the Atlanta VA Medical Center ( Table 1) . Of those screened, 465 (24.0%) were referred to the eye clinic for an ophthalmic examination. Of those referred, 260 (55.9%) underwent an ophthalmic examination within 2 years of the teleretinal screening. Most of the patients were male (98.1%); approximately half of the patients were white and half were black. Ophthalmic notes were available for an additional 66 patients who were not seen at the VA during the study period. These notes were reviewed to document a confirmatory diagnosis but were not included in the resource allocation data collection. Thus, a confirmatory diagnosis was available for 326 (70.1%) of the referred patients. The most common reasons for referral were nonmacular diabetic retinopathy (43.2%), nerve-related disease (30.8%), lens or media opacity (19.1%), age-related macular degeneration (12.9%), and diabetic macular edema (5.6%). Fifty-five patients (16.9%) had 2 or more concurrent problems that put them at high risk for permanent visual loss (glaucoma, diabetic retinopathy, diabetic macular edema, and age-related macular degeneration).
Two categories showed wide racial disparity: 82.2% of patients with nerve-related disease were African American, and 91.7% of patients with age-related macular degeneration were white. A visually significant condition was detected for the first time through teleretinal screening in 142 patients (43.6%).
Among the 260 patients evaluated in the eye clinic, 42 (16.2%) had visual acuity of 20/70 or worse in at least 1 eye. Five patients (1.9%) were legally blind (visual acuity, <20/200) in both eyes.
The percentage of agreement for all diagnoses was 90.4%, and total sensitivity was 73.6% ( Table 2 ). Images were unreadable for 45 patients referred from teleretinal screening. Figure 1 shows the mean resource use per patient by primary diagnosis category for the 260 patients who had an ophthalmic examination in the eye clinic during a 2-year period after teleretinal imaging. Overall, 109 patients (41.9%) required only 1 clinic visit, 57 patients (21.9%) required 2 visits, and 94 patients (36.2%) had 3 or more visits. The treatment of diabetic macular edema had the highest resource use. Patients with diabetic macular edema had a mean of 4.96 clinic visits, 5.88 diagnostic procedures, and 2.04 surgical procedures during the 2-year follow-up period.
Diagnostic and surgical procedures were further analyzed to determine the specific rate of use for individual procedures as 2 distinct ratios: per patient seen in the eye clinic and per patient undergoing imaging in primary care ( Table 3) . Other than refraction, the most common diagnostic procedures were visual field testing and macular optical coherence tomography. The most common surgical procedures were cataract extraction with intraocular lens insertion, focal laser, panretinal photocoagulation, and intravitreal injection. The approximate cost to provide ophthalmic care to this cohort of patients was estimated through Medicare physician fee schedules. The total cost was $251 874.94, with a mean of $968.75 per patient seen in the clinic and $130.17 per patient undergoing imaging in primary care. Diabetic macular edema was the most costly condition to treat (Figure 2) . The total workload entailed for ophthalmic care was 4190.48 RVUs, which equaled 16.12 RVUs per patient seen in the clinic.
Of the 465 patients referred from a teleretinal screening program for an eye examination, 205 (44.1%) were not evaluated in the clinic. Of the referred patients, 101 (21.7%) did not show for the scheduled appointment.
There was a statistically significant difference in the historical no-show rate between patients who kept their appointment and those who did not (F 2,462 = 5.369, P = .005, I 2 = 0.023, 1-way analysis of variance). A patient who historically missed 26% of their scheduled combined outpatient clinic visits had a nearly 57.7% chance of not showing for the eye clinic visit. There was no statistically significant difference in the age or the mean driving distance for patients who kept their eye clinic appointment vs patients who did not show.
Discussion
Telehealth technology has been advocated as a method to extend clinical care to remote patient communities. Teleretinal screening has been at the forefront of this initiative. The current study has provided valuable information regarding resource allocation that can be used to prepare for teleretinal expansion. Although previous studies [5] [6] [7] have reported that teleretinal screening is generally cost-effective, these studies were based on economic modeling to determine whether a program was monetarily responsible. Our study instead collected information on actual resources used to predict the future burden on a health care system. The mean 2-year cost in Medicare reimbursement fees to care for a patient with an abnormal teleretinal screening result who was seen in the eye clinic was approximately $1000. The cost of medication and spectacles was not included in the resource burden analyses, which likely led to an underestimation of the total cost burden. With medication and spectacles, the actual cost varies among VA medical centers depending on local policy and contracts. Some medication is considered over the counter in the community and not covered by insurance but might be covered by the VA pharmacy. Similarly, spectacles often are not covered by insurance, but a basic style of spectacles is covered by the VA. Thus, the raw numbers for medication and spectacles were included to allow for some predictive estimates of these important resources.
Other costs inherent in and paid for by the VA health care system, such as parking, security, and information technology, are shared by the entire enterprise and could not be included in this analysis. In addition, the costs incurred by implementing a teleretinal program (eg, cameras, computers, imagers, and readers) were not considered in this analysis of resources needed after a screening visit. Consequently, the total estimate of care determined by the Medicare physician fee schedules does not reflect the total cost to the VA. The bar graph shows the mean resource use per patient by primary diagnosis category for the 260 patients who underwent an ophthalmic examination in the eye clinic during a 2-year period after teleretinal imaging.
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Use ratios generated by this study can be used to predict the number of appointment slots, diagnostic tests, and surgical procedures that will be needed to care for patients who are referred for an ophthalmic examination. For example, placing a teleretinal camera in a primary care clinic that serves a population that includes 5000 diabetic patients may generate approximately 1200 referrals to an eye clinic. Assuming that all patients are evaluated with an ophthalmic examination, these referrals might require approximately 544 visual fields, 516 optical coherence tomography images, and 143 cataract extractions during the next 2 years. A sizeable appointment noshow rate for these referrals might adjust these estimates down.
The ratio data obtained from this study may be further expanded using existing actuarial data for populations not screened currently. Combining our data on resource burden with population size and diabetes prevalence should allow decision makers to appropriately expand eye clinic appointments, hire additional personnel, and purchase equipment in anticipation of an increasing patient population.
The findings of the present study add further support to the effectiveness of teleretinal screening for diabetic eye disease. [8] [9] [10] [11] Although teleretinal screening has yet to be validated for macula and optic nerve disease, diabetic patients with nondiabetic findings currently are being referred for a clinical examination, and teleretinal screening may be a useful method to detect other ocular conditions. The value of diabetic teleretinal imaging conducted in a primary care setting is high. Of the 326 patients for whom a note was available, 142 patients (43.6%) had an ocular condition detected for the first time through teleretinal screening. Fifty-five of 326 patients (16.9%) had 2 or more concurrent problems that put them at high risk for visual loss (glaucoma, diabetic retinopathy, diabetic macular edema, and age-related macular degeneration). Because many ocular conditions are both progressive and treatable, this form of screening can be effective in identifying patients with ocular disease in order to initiate sight-saving care. Unfortunately, a high percentage of patients (44.1%) referred for ophthalmic examinations were not evaluated in the eye clinic. Of the 465 patients who were referred for evaluation, 101 (21.7%) failed to show for the scheduled appointment. Failing to show for the appointment puts the patient at risk for delay in care and wastes valuable medical center resources. The current study found that age and travel distance were not significant factors that contributed to the no-show rate. Rather, the patient's historical no-show rate was the best predictor of whether the patient would keep the eye clinic appointment.
Predictive modeling for eye care will be an important strategy in the management of health care disparity. A major contributor to increased eye care workload in any health care system is the care of a patient with diabetic retinopathy, which is one of the leading causes of preventable blindness. 12 The veteran population has a diabetes prevalence of approximately 20%. 13 Early detection and treatment of diabetic eye disease lead to a reduction in moderate to severe visual loss 14 and may save the federal government hundreds of millions of dollars. 7 Our study suggests that teleretinal imaging may also be used to detect other sight-threatening conditions, and the ophthalmic community should be prepared for increased workload and resource use. The study had a number of limitations. First, all patients were from the Southeastern United States, an area with a high prevalence of diabetes. Second, patients were elderly, with a mean age of 65 years, and male, typical of the VA patient population. It is likely that a younger cohort of patients with diabetes would have a lower prevalence of ocular findings. Consequently, the referral rate from a teleretinal imaging program that involved younger and healthier patients might be lower. However, once the referral rate for that population was established, the resource use rates for referred patients would likely be equivalent to those measured in this study. Third, the study was conducted at a time when the eye clinic at the VA was transitioning from fluorescein angiography to optical coherence tomography as the primary means of following up patients with suspected macular edema. In addition, the surgical care of macular disease was transitioning from primarily laser based to include more intravitreal injections. Consequently, the current rate of optical coherence tomography use and intravitreal injections would likely be higher than what was measured by the study.
Finally, the office visit burden was estimated based on the number of eye clinic visits a patient had during a 2-year period rather than by using specific evaluation and management codes. During the time of teleretinal screening and the subsequent clinical care, all visit codes in the VA system were manually logged and entered into the code capture system by clerks. The electronic health record for eye care with automatic code capture that is now being implemented at the VA was not in use. Thus, at the time of this study, the evaluation and management coding data were not as reliable at the VA as they are now. Visit burden was estimated based on the number of visits for each patient.
Conclusions
Diabetic teleretinal imaging is an effective method to screen patients for sight-threatening conditions. In addition, there are measureable resource burdens that can be anticipated to adequately prepare for the associated increase in clinical care. Front (A) and lateral (B) external photographs of a woman in her early 60s who had undergone treatment with erlotinib for more than 2 and a half years. She developed bilateral trichomegaly, which required constant trimming.
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